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Introduction
Recent recognition that inorganic mercury i n aquatic environments may e n t e r t h e food chain (Wood and o t h e r s , 1968) and may eventually concentrate i n human t i s s u e (Ackefors, 1971) makes it important t o evaluate t h e concentrations of mercury contained i n t h e sediments of t h e c o n t i n e n t a l shelves. The d i s t r i b u t i o n of mercury i n marine sediments i s n o t well known (Klein and Goldberg, 1971 ; U.S. Geological Survey, 1970) nor a r e t h e processes o r r a t e s of removal from the sediment. A f i r s t s t e p i n evaluating t h i s p o t e n t i a l hazard t o man i s t o e s t a b l i s h the level of mercury deposited i n sediment by n a t u r a l processes as opposed t o a r t i f i c i a l . Defining these concentrations i n an a r e a of l o w population d e n s i t y and minimal i n d u s t r i a l a c t i v i t y provides a reference p o i n t f o r s t u d i e s i n developed a r e a s where mercury p o l l u t i o n already e x i s t s i n r i v e r s (de Groot and o t h e r s , 1971), lakes (Kennedy and o t h e r s , 1971), and e s t u a r i e s (McCulloch and others, 1971 ).
This r e p o r t p r e s e n t s d a t a on mercury i n surface and subsurface sediment of a l a r g e a r e a of s h e l f ( f i g . 1). Natural mercury d e p o s i t s occur l o c a l l y i n t h i s region (Herreid, 1965; Cobb, 1970; Sainsbuwy, 1970) and mercury was a l s o introduced by mining a c t i v i t i e s ; t h e r e f o r e , t h e amount of mercury d i s t r i b u t e d by n a t u r a l processes can be compared t o t h a t introduced by man. By analyzing a n c i e n t sediments as o l d as t y p i c a l of the t h r e e samples with maximum deviations; a l l show i n c o n s i s t e n t and markedly decreasing mercury values with i n c r e a s i n g time between d a t e of a n a l y s i s . This d i f f e r i n g and d e c l i n i n g mercury c o n t e n t w Table 1 is r e p r e s e n t a t i v e of t h e maximum d i f f e r e n c e s a t t r i b u t a b l e t o particle s p a r s i t y e f f e c t s from p a r t i c u l a t e mineral g r a i n s of non-organic o r i g i n .
i t h time, i n a d d i t i o n t o smoke d e t e c t e d i n l a t e r analyses, suggests t h a t abnormally l a r g e c o n t e n t s of organic m a t e r i a l a f f e c t e d t h e o r i g i n a l analyses of t h e t h r e e samples. Sample 235T i n
T h i s and the f e w o t h e r such samples with d e v i a t i o n s as much a s 0.10 ppm g e n e r a l l y occur i n nearshore a n c i e n t and modern beach sands and g r a v e l s , p a r t i c u l a r l y near Nome.
I t i s concluded t h a t no p a r t i c l e s p a r s i t y e f f e c t s a r e i n d i c a t e d f o r
samples g r e a t e r than 40 kilometers from shore. P a r t i c l e s p a r s i t y e f f e c t s a r e p r o g r e s s i v e l y g r e a t e r toward t h e s h o r e l i n e of Seward Peninsula;
however, because values g e n e r a l l y range from 0.1 t o 1.3 ppm mercury i n these beaches ( f i g . 1) and d e v i a t i o n from p a r t i c l e s p a r s i t y i s 0.10 ppm o r less, the r e l a t i v e p e r c e n t of inaccuracy of analyses i s low. Consequently, t h e p a t t e r n s of similar values ( f i g . 1) do appear t o be r e p r e s e n t a t i v e even though p a r t i c l e s p a r s i t y is a minor sampling problem and l a r g e organic fragments apparently d i s r u p t e d analyses of t h r e e sample s p l i t s . Table 1. --Mercury values i n replicate s p l i t s of d i f f e r e n t sample types.
(Sample 252H1, a limnetic peaty clay, e x e n p l i f i e s organic d i s r u p t i o n of the a n a l y t i c a l instrument, sample 235T1 a r e l i c t g r a v e l shows p a r t i c l e s p a r s i t y of a nearshore sample; and sample 2 4 D , a s i l t y sand, shows v a r i a b i l i t y of a typical sample. 
Mercury D i s t r i b u t i o n
The median, mean, and mode values a11 equal 0.03 ppm mercury f o r t h e 237 samples from the northeastern Bering Sea ( f i g . 3, able 2 ) .
These average values from Bering Sea a r e cortrparable t o those f o r unconsolidated and presumably uncontaminated aquatic sediments i n the few, b u t widely ranging l o c a t i o n s elsewhere t h a t have been i n v e s t i g a t e d (Table 3 ) . Nearly 90 p e r c e n t of t h e values are l e s s than 0.10 ppm mercury and t h e range from Less than 0.01 t o 0 . 1 ppm mercury appears t o r e p r e s e n t normal values f o r this region.
With f e w exceptions, i n t e r m e d i a t e values between 0.11 and 0.2 ppm mercury occur i n either fine-grained sediments with a r e l a t i v e l y high organic c o n t e n t o r i n b u r i e d s u b a e r i a l sediments t h a t o f t e n c o n t a i n p e a t from r e l i c t s o i l s . These values l i e w e l l w i t h i n t h e expected range of Hg c o n t e n t a s s o c i a t e d with f i n e grained sediments (de Groot,
1971), modern s o i l s ( S h a c k l e t t e and o t h e r s , 1971), and organic r i c h sediments (Kennedy and o t h e r s , 1971) .
Values g r e a t e r than 0.2 ppm mercury from any sediment and g r e a t e r than 0 . 1 ppm mercury from sediments l o w i n organic c o n t e n t probably r e s u l t from concentxations of p a r t i c u l a t e minerals containing mercury, such a s cinnabar. An a n a l y s i s by t h e U.S. Bureau of Mines (1967) of a heavy mineral concentrate from Bluff Beach shows 4 p e r c e n t cinnabar and confirms t h e presence of such minerals.
A l l values g r e a t e r than 0.2 ppm mercury occur w i t h i n 40 kilometers of t h e s h o r e l i n e and t h e h i g h e s t c o n t e n t s (0.45 t o 1.3 ppm) occur i n t h e modern beach sediments along southern Seward Peninsula (Table 2 ) .
Although mean values (0.04 ppm) of nearshore sediments within 20 h of t h e s h o r e l i n e of Seward Peninsula ( fig. 4 ) a r e s l i g h t l y higher than values (0.02 ppm) g r e a t e r than 20 kilometers from t h e s h o r e l i n e , all o f f s h o r e values beyond t h e s h o r e l i n e a r e n e a r l y a f a c t o r of t e n lower than t h e Seward Peninsula beaches. Generally high, b u t normal mean a values of mercury (0.03 t o 0.08, T a b l e 2 , f i g . 4) a r e found i n t h e beach and nearshore sediments of S t u a r t , S t . Matthew, and St. Lawrence I s l a n d s which contain no known mercury deposits.
Like surface sediments, the mercury content i n subsurface sediments suggests t h a t average values (0.04 ppm) a r e s l i g h t l y higher less than 40 kilometers from the s h o r e l i n e than are average values (0.025 pgm) more than 40 kilometers from the shoreline ( Table 2 ) . The h i g h e s t mean values occur i n t h e nearshore subsurface sediments off Seward Peninsula, . One of t h e s e i s located i n t h e p r e s e n t beach cliff s e v e r a l miles e a s t of t h e l o c a t i o n of high mercury levels (1.3 -0.45 ppm Hg) on Bluff Beach. The high values (0.2 -0.6 ppm) found i n I l l i n o i a n g l a c i a l d r i f t , b u r i e d o f f s h o r e from Nome, apparently were derived from m a t e r i a l t h a t was eroded from mineralized zones (sainsbury and o t h e r s , 1970) i n l a n d from the Nome beaches. S i m i l a r l y , the area of high mercury c o n t e n t (0.10 -0.25 ppm) t h a t is found about 40 km w e s t from S t . Lawrence I s l a n d ( f i g s . 1 and 2) occurs i n relict g r a v e l s of g l a c i a l d r i f t derived from mineralized a r e a s i n Chukotka (USSR M e t a l l i f e r o u s Zones Map, 1967).
The high l e v e l of mercury (0.14 -0.45 ppm) i n t h e modern Nome beach sand may o r i g i n a t e e i t h e r from g l a c i a l d r i f t sources o r from t h e e x t e n s i v e gold mining i n the e a r l y 1900's. M e t a l l i c mercury was used f o r amalgamating the gold from the beach p l a c e r s and it can s t i l l be panned out o f t h e p r e s e n t beach sediments. The c o n t e n t of mercury (0.6 ppm) i n subsurface Neogene sediments off E J o m e (Table 2) 
i n d i c a t e s t h a t the p r e s e n t beach anomalies cannot d e f i n i t e l y be a t t r i b u t e d t o
mining.
Several f a c t o r s may c o n t r i b u t e t o t h e decrease i n mercury values of o f f s h o r e sediment a d j a c e n t t o beaches. The most l i k e l y explanation, p a r t i c u l a r l y along Seward Peninsula, i s d i l u t i o n by the great q u a n t i t i e s of Yukon River s i l t and f i n e sand t h a t a r e t r a n s p o r t e d along this c o a s t l i n e (fig. 1; Nelson and o t h e r s , 1972; McManus and Smyth, 1970).
The modern Yukon sediment b l a n k e t s the e n t i r e area o f f B l u f f , covers t h e l o c a l depressions off Nome and Wales, and o f t e n i s intermixed i n the r e l i c t sands and g r a v e l s of the nearshore zone (Nelson and Hopkins,
Normal surf-zone processes tend to concentrate heavy minerals on beaches; light minerals are preferentially winnowed and transported into the nearshore belt of fine sand (Swift and others, 1971 ). This basic mechanism may increase beach content and dilute nearshore content of the particulate mercury bearing minerals like cinnabar which has a relatively high specific gravity. Entrapment of mercury on the beach may be enhanced because the cinnabar may be disseminated in coarser quartz particles (~llen Clark, personal comrnun., 1972, U.S. Geological
Survey, Menlo Park CA) as it is elsewhere in Alaska (Clark and others, 1971) . such mineral grains containing mercury would be more resistant to breakdown into smaller particles and thus would tend to be concentrated on beaches.
Summary of sedimentary Processes Affecting Mercury Distribution
Glacial transport may provide a means of carrying mercury-bearing minerals en masse from onshore sources to offshore areas. For example, t?x glacial debris sampled by drill holes off NOme ( Table 2 ) (Table 3 ) .
T h i s d i s t r i b u t i o n of mercury i n surficial sediments suggests t h a t p a r t i c u l a t e minerals bearing mercury have n o t been
widely dispersed from Seward Peninsula i n q u a n t i t i e s s u f f i c i e n t t o i n c r e a s e offshore mercury l e v e l s above normal. The major contamination of p r e s e n t s u r f i c i a l sediment from n a t u r a l mercury d e p o s i t s of Seward Peninsula t a k e s p l a c e where high energy processes, such a s on the beach, can concentrate p a r t i c u l a t e heavy minerals from sources of l o c a l lode o r a l t e r a t i o n zones i n bedrock o r from displaced g l a c i a l d e b r i s exposed i n s h o r e l i n e s and stream v a l l e y s . The apparent s h o r e l i n e entrapment and concentration of mercury source minerals and/or d i l u t i o n from r e c e n t sediment deposition r e s u l t i n normal mercury values even immediately offshore from mercury r i c h beaches. Importance of the d i l u t i o n f a c t o r offshore i s emphasized by the observation t h a t both mercury ( Table 2 ) Wood, J. M . , S c o t t , K. F . , and Rosen, C . G., 1968, s y n t h e s i s of methylmercury compounds by e x t r a c t s of a rnetanogenic bacterium: Nature, 
